+ → D * K and measure their branching fractions relative to the DK final state. We also observe, in the D * K mass spectrum, a new broad structure at a mass of (3044 ± 8 stat (
+ produced in B decays gives the assignment
] and J P = 3 − [7] have been proposed. We report here on a search for new D + sJ mesons in the mass spectrum of D ( * ) K inclusively produced at the PEP-II asymmetric-energy e + e − storage rings and recorded by the BABAR detector. This paper is organized as follows. In Sect. II we give a short description of the BABAR experiment and in Sect. III we describe the data selection. Section IV is devoted to the study of the DK system and in Sect. V we present the study of the D * K system. In Sect. VI we describe fits to the D * K mass spectrum while in Sect. VII we present an analysis of the angular distributions. Measurements of ratios of branching fractions are described in Sect. VIII and we summarize the results in Sect. IX.
II. THE BABAR EXPERIMENT
This analysis is based on a 470 fb −1 data sample recorded at the Υ(4S) resonance and 40 MeV below the resonance. The BABAR detector is described in detail elsewhere [8] . We mention here only the parts of the detector which are used in the present analysis. Charged particles are detected and their momenta measured with a combination of a cylindrical drift chamber (DCH) and a silicon vertex tracker (SVT), both operating within the 1.5 T magnetic field of a superconducting solenoid. Information from a ring-imaging Cherenkov detector combined with energy-loss measurements in the SVT and DCH provide identification of charged kaon and pion candidates. The energies and locations of showers associated with photons are measured with a CsI(Tl) electromagnetic calorimeter.
III. DATA SELECTION
We reconstruct the inclusive processes [9] listed in Table I. A particle identification algorithm is applied to all the tracks. Charged kaon identification has an average efficiency of 90% within the acceptance of the detector and an average pion-to-kaon misidentification probability of 1.5% per particle.
For all channels we perform a vertex fit for the D 0 and D + daughters and require a χ 2 probability greater than 0.1%. For the π 0 candidates in channels (3),(4), and (6), we combine all photons with energy greater than 30 MeV in pairs, perform a fit with a π 0 mass constraint, and require a χ 2 probability greater than 1%. rest frame with respect to the K − π + direction in the laboratory system. This distribution is expected to be flat. We observe an accumulation of combinatorial background close to cos θ K − = 1. We improve the signal to background ratio by requiring cos θ K − < 0.9.
To improve the signal to background ratio for Fig. 1 . There are on average 1.01 candidates per selected event in both samples, and all candidates are retained for further analysis.
We fit the K − π + and K − π + π + invariant mass spectra using a linear background and a single Gaussian peak obtaining σ D 0 = 7.6 MeV/c 2 and σ D + = 6 MeV/c 2 . The signal region is defined within ±2σ while sideband regions are defined within (−6σ, −4σ) and (4σ, 6σ). The D 0 signal region contains 1.98 ×10 6 combinations with a purity P = N S /(N S + N B ) = 0.84, where N S (N B ) is the number of signal (background) combinations. The D + signal region contains 0.58 ×10 6 combinations with a purity P = 0.75. We also study the distribution of
), the angle between the K + (K 0 S ) direction in the DK rest frame and the DK direction in the laboratory frame. We expect the distribution of this angle to be symmetric around zero [10] , but we observe an accumulation of combinatorial background close to cos θ K = −1. Due to the jetlike nature of the reaction e + e − → cc we interpret this background as due to combinations for which the K comes from the jet opposite to the D meson. We therefore apply a conservative cut requiring cos θ K > −0.8.
S mass spectra are shown in Fig. 2 . To improve the mass resolution, the nominal D mass and the reconstructed 3-momentum are used to calculate the D energy for channels (1) and (2) . The two mass spectra in Fig. 2 present similar features. The single bin peak at 2.4 GeV/c 2 results from decays of
+ is believed to have J P = 1 + , decay to DK is forbidden by angular momentum and parity conservation. We also observe a prominent narrow signal due to the D * s2 (2573) + , a broad structure centered at the mass of the D * s1 (2710) + , and a narrower structure at the position of the D * sJ (2860)
+ . We perform a simultaneous binned χ 2 fit to the two sideband-subtracted DK mass spectra shown in Fig. 3(a) and Fig. 3(c) + state are in agreement with our previous measurement [3] , while the central value of the D * s1 (2710) + mass is slightly higher than before.
The ∆m = m(Dπ) − m(D) distributions for the five channels (3)- (7), are shown in Fig. 4 . Backgrounds are small for channels (5)- (7) but larger for channels (3)-(4). Table III gives the fitted parameter values of the ∆m distributions together with purities and the definitions of signal and sideband regions. The values of σ reported in Table III are obtained from fits performed using a polynomial background and a single Gaussian.
We have also studied the distributions of the angle θ
frame and the D * K direction in the laboratory frame. We expect the distributions of this angle to be symmetric around zero for signal but we observe an accumulation of combinatorial background close to cos θ * K = −1. As in the case of the DK system, we interpret this as being due to combinations for which the K comes from the jet opposite to that yielding the D * meson. We therefore apply the conservative selection criterion cos θ * K > −0.8. Figure 5 shows the reconstructed D * K mass spectra for channels (3)- (7) of Table I . The shaded distributions represent the background estimates from the ∆m sideband regions. Each distribution shows a narrow spike at threshold due to the D s1 (2536) + meson. We also observe structures around 2.71 and 2.86 GeV/c 2 .
We have compared these mass spectra with those from generic e + e − →cc Monte Carlo events. These events were generated using a detailed detector simulation and subjected to the same reconstruction and event-selection procedure as used for the data. We find that the simulation underestimates the D s1 (2536) + and D * s2 (2573) + signals relative to the background. No such discrepancy is found in the study of non-strange final states, therefore we attribute this effect to poor knowledge of the strangecharmed meson cross sections [12] . We apply weights to the D s1 (2536) + and D * s2 (2573) + production in the Monte Carlo in order to obtain better agreement with the data. Figure 5(3) shows the presence of a peaking background in channel (3) around 2.7 GeV/c 2 . Using the Monte Carlo data we identify this reflection, which is present in the signal and the sideband regions, as being due to the D * s2 (2573) + . Combinations of DK originating from this narrow peak associate with a random π 0 to produce a relatively narrow structure in the 2.7 GeV/c 2 region. Our Monte Carlo study verifies that this reflection is almost completely removed by performing the ∆m sideband subtraction.
The total D * K mass spectrum, ∆m-sidebandsubtracted and summed over channels (3)- (7), is shown in Fig. 6 
Here systematic uncertainties take into account the range of values obtained in different fits, including fits to the spectra obtained after modifying the p * selection criterion, modifying the ∆m criteria, and removing the cos θ K requirement. They also account for uncertainties in the spin assignment.
VII. ANGULAR ANALYSIS
Since we observe both D * s1 (2710) + and D * sJ (2860) + decays to both DK and D * K, we assume they have natural parity
. We further test this hypothesis using angular analysis. We compute the helicity angle θ h as the angle formed by the π from the D * decay with respect to the kaon, in the D * rest frame. The angular distribution for natural parity is expected to be [13] since, for the parity and angular momentum conserving decay of such a parent state, the coupling in the parent rest frame to the helicity-0 D * state involves a vanishing Clebsch-Gordan coefficient. Figure 8 + and D sJ (3040) + parameters are given in Table II and the fit results are shown by the curves in Fig. 8 .
We have studied the cos θ h distributions for the D * + is related to the large uncertainties in the background parametrization. Other spin hypotheses have been tested but they give much larger χ 2 values. We conclude that both states are consistent with having natural parity. We do not perform a similar analysis for D sJ (3040) + because of the large uncertainties arising from fitting a very broad resonance with limited statistics. 
VIII. BRANCHING FRACTIONS
From Table I it can be seen that it is possible to obtain ratios of branching fractions with reduced systematic uncertainties, for D * s1 (2710) + and D * sJ (2860) + by using channels (3), (1) and (4), (2) respectively.
These ratios are computed as:
where the N (D * sJ ) are the signal yields and the ǫ(D * sJ ) are the corresponding efficiencies, and i=1,4. We note that the only difference between numerator and denominator final states is the presence of an extra π 0 from the D * decay. Assuming a constant total width, the yields are obtained by fitting the DK and D * K mass spectra using the same D * s1 (2710) + and D * sJ (2860) + parameters, and are summarized in Table IV . Efficiencies are evaluated using Monte Carlo simulations, and only the ratio of efficiencies
is involved in the measurement. This ratio is consistent with being uniform as a function of DK(D * K) mass and its values are reported in Table IV .
Systematic uncertainties are summarized in Table V . The D * sJ parameters have been varied within their statistical and systematic errors, the p * cut has been changed to 3.1 and 3.5 GeV/c, the cos θ K cuts have been increased to −0.6. The systematic error arising from Monte Carlo statistics appears as the error on the ratio between the efficiencies. The error on the D * branching fractions is obtained from Ref. [14] . The shape of the background has been modified by adding an extra term in the exponential; its contribution to the total error is found to be negligible. Finally the D * ∆m signal region has been reduced to ±2σ.
We obtain the following ratios of branching fractions:
0.88 ± 0.14 stat ± 0.14 syst
where D * 0 → D 0 π 0 , and:
1.14 ± 0.39 stat ± 0.23 syst (9)
where D * + → D + π 0 . Averaging r 1 , r 3 and r 2 , r 4 we obtain:
We also make a test of isospin conservation. We use the yields obtained from the fit to the appropriate mass spectra and correct for efficiency and branching fractions. We obtain, within the errors, similar rates for resonance de 
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